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1. A GALVANOMETER CONTROL BOARD

1. The functions of the control board are threefold: to
provide through a shunt resistance and a galvanometer (1) a
circuit from psychogalvanic electrodes, (2) a current to
another circuit such as for psychomotor reaction times, or
(3) a known resistance to the current.

2. The units of the board are, with one exception, con-
tained in a small mahogany-stained cabinet, 16" x 16W
x 9%", the cover of which is formed by the forward half of
the top, hinged to the other half, and the front side attached
to the top by right-angle braces. A primary cell rests in a
compartment at one rear corner and fixed to the floor are,—
an Ayrton shunt; a known resistance, 5,000 ohms; a single-
pole, double-throw switch; a single-throw switch; and six
Fahnestock clips grouped in an accessible position. A two-
pole, double-throw switch has been placed outside the
cabinet, but in future constructions should be within it.

3. For identifying the points of contact in the wiring, let
the clips be numbered from 1 to 6 in order of position and
the binding posts of the shunt from 7 to 10. A wire from the
positive pole of the cell leads to clip 6, which is connected
with the forward post of the double-throw switch, and also
with one side of the 5,000-ohm resistance. A wire from the
other side of the resistance is connected to one post of the
single-throw switch, the other post being connected with
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clip 3, which in turn is connected with post 7 on the shunt.
The negative wire from the cell is attached to clip 5, from
which a wire leads to post 8 on the shunt. This post is also
connected with the rear post of the double-throw switch",
the central post being connected with clip 4. The two
central posts of the two-pole switch outside the cabinet are
wired to clips 3 and 4, respectively. Wires from the rear
posts of this switch lead to the psychogalvanic electrodes;
and those from the forward posts, to the reaction-time circuit.
The galvanometer wires lead from clips 1 and 2, connected
with the shunt posts 9 and 10.

4. The circuit from the psychogalvanic electrodes, ex-
cluding the cell, is made by closing both double-throw
switches rearward, and the reaction-time circuit by closing
both switches forward. Closing the single-throw switch
throws the current through the 5,000-ohm resistance, inde-
pendently of the other two circuits. The shunt and gal-
vanometer, however, remain in each of the three circuits.
In psychogalvanic work it is ordinarily desired to use body
resistance to the cell current. In this case the double-pole
double-throw switch is rearward, the single pole double-
throw switch forward.

II . A FALL APPARATUS FOR A GALVANOMETER CHRONOSCOPE

5. A homely but satisfactorily efficient model of a fall
apparatus for standardizing galvanometric readings has
been constructed in the laboratory of readily obtained and
inexpensive materials. The suggestion was derived from
'A New Chronoscope and Fall Apparatus,' by Paul E.
Klopsteg (Journal of Experimental Psychology, 1917, 2,
253-268). The approximate dimensions of the model are 5'
(height) x 1' x 8", and its range, up to 5/10 of one second.

6. The base is a block of oak, 12" x 8" x 2 ^ " , provided
with three levelling bolts. The upright consists of an iron
rod 60" in length, threaded at its lower end; and two boards,
each 58" x 2 ^ " x 7/8", grooved to enclose the iron rod
snugly when screwed together. The threaded end of the
rod, protruding from the assembled upright, is driven into a
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hole through the base and bolted, the upright being further
secured in the perpendicular by four right-angle braces.
Thus, rigidity is obtained and warping prevented. The
upright is graduated by machine-ruled millimeter scales,
inserted into the front surface and extending from o, 3" from
the base, to the top. The respective distances of fall for
tenths of a second up to .5" are marked as nearly as possible
to the quantities derived by the formula, s = }/2gt2 (g = 980.6
cm.)1 as follows:

at 122.575 cm. for .5"
" 78.448 " " .4"

44.127 .3
" I9.6I2 " " .2'
" 4-903 " " -I '

7. A freely movable wooden frame, 3" in height, surrounds
the upright and is clamped at the desired level by a thumb-
screw through the back, which forces a metal plate against
the standard. Four Fahnestock clips are secured to the
rear surface of the frame. An electromagnet is mounted on
the front surface and is connected by wires to two of the clips.
Immediately below the core, but not in contact, are two
rigid metal strips with slightly curved ends for contact with a
5/8" soft-iron ball, a wire from each strip passing to a clip
at the rear. The magnet and contact points are so adjusted
that the lowest portion of the ball is held tangent to a hori-
zontal line from the lower border of the frame, which accord-
ingly serves as an indicator on the scale.

8. A cradle, supporting a horizontal tray 2" square with
vertical borders, is mounted at the foot of the upright. A
slight vertical motion, with the tray constantly horizontal, is
attained by four uniform, mutually parallel links pivoted,
two on either side, on the wooden block supporting the tray

1The acceleration value g (980.6 cm.) is for the latitude of Washington, D. C.
Variation due to differences in latitude and elevation is shown by the formula g =
980.6056 — 2.5028 cos 2X — .000003A (Barker, G. F., Physics, 4th. ed., 1892, 105).
At the laboratory, latitude (X) = 42°ai'28", and elevation above mean low tide (h) =
7620.0 cm. g is found to be 980.353282 cm. This introduces an error of .02516 per
cent., which is neglected. For the distance and mass involved, error due to air resis-
tance is also negligible.
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and on the upright. The tray is held at rest at o on the scale
by means of a U-shaped lever, pivoted on each side of the
upright, the extremities extending forward under the upper
links of the cradle, and the bowl of the U in the rear being
drawn down by a spring to rest upon a vertical adjustment
screw.

9. Any downward movement of the cradle trips a hori-
zontal trigger by means of an adjustable metal plate on the
front. The trigger is a rigid rod supported by three bearings
on the end of the wooden base of a telegraph key which is
secured to the base of the standard. One end of the rod is
bent at a right angle to form a short arm extending under the
trip plate, and a slightly longer vertical arm with its extremity
hooked and beveled is at the other end. When the key lever,
without a knob and with the tip beveled to reduce friction,
is depressed it is automatically held closed by the trigger actu-
ated by a low tension spring. The trip plate is adjusted to
rest on the short arm when the cradle is at o.

10. A knife-blade switch, a relay, and two Fahnestock
clips (by which the apparatus is brought into the galvanometer
circuit) are also attached to the base.

11. The wiring provides for three circuits: (1) the electro-
magnet; (2) the "ball-contact," through the primary of the
relay; and (3) part of the galvanometer circuit. In the
magnet circuit, the positive wire from a storage battery is
connected to the switch and thence to one magnet clip on the
magnet carriage, and the negative wire leads from the other
magnet clip to the battery. One primary post of the relay is
connected with the positive wire from the battery, the other
primary post with one "ball-contact" clip, and the remaining
clip with the negative magnet clip. In the galvanometer
circuit, one clip on the base is wired to one secondary post
of the relay, the other post to one side of the telegraph key,
and the other side of the key to the second clip. The contact
points of the relay are set to close the galvanometer circuit
with the armature released.

12. The procedure of operation consists of the following
steps: (1) clamping the magnet carriage at the desired level;
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{2) with the trigger key open (and the reaction key on- the
external galvanometer circuit closed), closing the magnet
switch; (3) applying the ball to the contact strips (thereby
completing the primary relay circuit and breaking the
galvanometer circuit at this point); (4) closing the trigger
key (making the galvanometer circuit at that point); and (5)
opening the magnet switch, which allows the ball to drop and
thus closes the galvanometer circuit by releasing the relay
armature. Impact of the ball on the tray releases the trigger
key, so that the current flows through the galvanometer only
during the time of fall.

13. The galvanometer deflection is read by the excursion
of the reflected beam of light on a millimeter scale curved
with a radius of 2 m., the focal distance of the galvanometer
mirror. The suitable range of deflection is obtained by
adjustable resistance in the galvanometer circuit. This
circuit is made available for experiments by merely opening
the reaction key and closing the trigger key.

14. In his original paper (cf. par. 5), Klopsteg recommends
not the use of a relay, but of a high resistance in the galvan-
ometer circuit. The present apparatus is equally adaptable
to such a technique. The relay was used here as better
adapted to other portions of the set-up and has no practical
effect on the reliability of the measurements involved.

III. AN ATTACHMENT FOR CHOICE REACTION EXPERIMENTS

15. It was desired to provide a signal indicating the
correctness of a response or any falsity, either by the wrong
key alone or by both reaction keys, in case of either correct
or incorrect propositions; and further to provide for breaking
the (galvanometer) chronoscope circuit on any response.
To meet these requirements, a simply constructed switch-
board was devised, operated by a single lateral movement of
the hand.

16. The board contains a three-pole circular switch, a
relay, and a 6-volt signal lamp, two contact screws being
near the left border and three near the right. Wires from
the storage battery, on one of which an 'operating key' is
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placed, lead to the two left-hand screws; and the three
right-hand screws are connected respectively with the outer
post of the right-hand reaction key, the inner posts of both
keys by a common wire, and the outer post of the left-hand
key. The subject is instructed to close both keys on the
verbal signal 'set' and to release the right-hand key if the
proposition exposed is correct or the left-hand key if incorrect,
in either case holding down the other key.

17. The fixed element of the switch is composed of six
narrow contact strips attached radially at 6o°—intervals on a
non-conducting board. They are bent and their edges curved
upward to permit sliding plates to pass under them to make
contact with slight tension. The moving member is a non-
conducting disk, 2" in diameter, to the lower side of which
three independent, sector-shaped plates are firmly attached
at 1200 intervals between centers. The plates project beyond
the disk and under the ends of the contact strips, each con-
necting two strips. A handle, attached to the upper side of
the disk, extends horizontally to the front and its range is
limited to 6o° by stops. For correct propositions, the disk is
rotated to the left and for incorrect, to the right.

18. The board is wired as follows: Numbering the contact
points in order of position, point 1 is connected with one
wire from the battery; point 2 with one primary post of the
relay (the secondary of which is in the galvanometer circuit
and is broken while the armature is released); point 3 to the
second wire from the battery; point 4 with the 'proper' wire
from the right-hand reaction key; point 5 with the second
primary post of the relay; and point 6 with the 'proper' wire
from the left-hand reaction key. The 'common' wire ter-
minal at the board is connected with one side of the signal
lamp, the other side of which is wired to point 2 (connected
with the relay primary post).

19. The handle is so placed on the disk that in the 'cor-
rect' position, one sliding plate connects points 2 and 3; the
second plate, points 4 and 5; and the third plate, points 6
and 1. In position for 'incorrect' propositions, the first
plate connects points 1 and 2; the second, points 3 and 4;
and the third, points 5 and 6.
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20. Tracing the circuits established, it is seen that with
the reaction keys 'set,' closing the 'operating' key closes the
relay and lights the signal lamp; and breaking contact at any
of the keys opens the relay circuit. With the switch in the
'correct' position, releasing the right-hand key (the right
response to a correct stimulus) permits the lamp to continue
lighted—to brighten, in fact, as the relay magnets are cut out.
A false reaction, whether by releasing the left-hand or both
keys, extinguishes the lamp by breaking the entire circuit.
Switching the handle to the right for incorrect propositions
reverses the action of the subject's keys so that releasing the
left-hand key (the right response) causes the lamp to brighten,
but a false reaction or a reaction with both hands extinguishes
the light.

IV. A FALL SCREEN FOR THE EXPOSURE OF

CHOICE-REACTION STIMULI

21. This piece of apparatus1 provides for independent,
successive exposures of 25 stimuli and, by connections with a
chronoscope and attachments or with a multiple-pen chrono-
graph, for recording the time and accuracy of each response.

22. The standard is of wood, its greatest dimensions being
approximately 8'x 22" x 18". The pedestal,2 comprising 16"
of the total height, consists of a top, 12" x 17" x 3/8", sup-
ported by four slightly converging legs of 1 %" stock and braced
by cross pieces. The front of the upright is formed by the floor
of a vertical trough 64" long, 10" wide, 3 ^ " deep, and is
extended upward by a board 14" long. A horizontal aper-
ture, 2 ^ " x %", with beveled edges and provided with a
cover, is cut 52" from the floor. The sides of the trough are
grooved along their inner surfaces to guide a sliding frame.
For 42" of its length, the trough forms the front of a box of
the same width and 9.3^" deep, containing a shelf 24" from
the base and i j ^ " thick. The rear of the upper compart-

1 Cf. Wells, F. L. and Sturges, H. A., 'Pathology of Choice Reactions,' Amer.
Journ. Insan., 1918, 75, 82-85.

1 In a later model supplied to the Carnegie Institute of Technology, the upright
was, for the greater comfort of the subject, hung at the rear of a table, affording room
for the knees.
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ment is closed by a cover opening upward, and the lower by a
door opening laterally. On the shelf is pivoted a metal disk,
6y%' in diameter, from the border of which a radial section
1" at the circumference and %" deep is cut. A binding post
is secured to the disk and a handle is placed diametrically
opposite the open section. Thus a hand-operated escape-
ment for the sliding frame is afforded.

23. The sliding frame is a rectangular hollow frame of
wood, 30" x $—%" x 3", with a guide strip on either side
fitting into the corresponding groove of the trough, and on
the rear is firmly attached a row of 27 hard wooden blocks,
%" wide, %" high, and y%" thick, arranged alternately on
either side of the middle line (as the black squares in two rows
of a checker-board). The lower surface of each block is
covered with felt and the blocks are placed with these sur-
faces at i-inch intervals. Thus alternate movements of the
escapement disk permit i-inch drops of the frame, moved by
gravity. Within the shaft of the frame is a xY%' brass tube,
43" long, attached at its base to the pedestal and open at its
upper end. A plunger, operating in oil, is connected by an
iron rod to a metal arch across the upper end of the sliding
frame, whereby the impact of the blocks on the disk is
diminished.

24. The stimulus material is printed at i-inch intervals
on interchangeable strips of heavy paper, one of which is
slipped down the front of the frame and retained so that one
stimulus is exposed at the aperture when the frame is at
rest at any station but the first, when blank paper is exposed.

25. A continuous, non-insulated copper wire, arising from
a contact clip at the top of the frame, passing over, outside
and under each alternate block along shallow grooves, forms
contact with the escapement disk except at the instant of
change, the break in the circuit being recorded on the chrono-
graph. A flexible wire, on which a weight is suspended by
a pulley, is connected between the clip on the frame and an-
other on the shelf. From the latter, a wire leads to one post
of a two-pole, single-throw switch on the floor of the box and
through the switch, by a 6-conductor Ulesote cable, to the
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chronograph. Another wire, attached to the binding post
on the disk, passes to the other side of the switch and through
the cable to the chronograph circuit.

26. Lateral shelves, 6" x ioj^", are braced on the sides
of the upright 10%" from the pedestal, a telegraph key being
secured to each and concealed, except the operating knob,
by a hinged cover, the front of which is open and the border of
the top cut away to render the knob accessible without expos-
ing the rest of the key or wiring. The inner posts of both
keys are connected by wires to one clip on the pedestal and
through the cable to the chronograph circuit. Each outer
post, by its individual wire to a corresponding clip and through
the cable, is connected with the chronograph electromagnet
controlling the pen assigned to the key, so that contact at
either key effects its characteristic record.

V. A MULTIPLE-PEN CHRONOGRAPH

27. This is a motor-driven chronograph1 providing seven
simultaneous, independent records, each obtained by a
magnetically operated pen striking on moving carbon and
paper ribbons against a platen roller. By means of the
adjustable speed motor employed and the gearing of the
mechanism, any constant rate of motion of the paper between
6" and 50" per minute may be obtained. The apparatus is
contained in a cabinet, 27" x 14" x 13", the cover of which
comprises 10" of the height and is hinged on the rear wall.
Inserted into the top is a glass window, 2 2 ^ " x 9%".

28. The mechanism is supported by two parallel brass
plates, 8" x 6", separated by distance rods 2" long and per-
forated identically for screws, to provide bearings for the
several axles, and by two large openings, to afford accessibility.
A rectangular section is cut from one upper corner of each
plate to form the seat for a transverse, semicircular frame
supporting the magnets, recording points, certain of the
rollers, and by a strip of non-conducting composition along
the straight border of the upper plate, four binding posts at
each end. The frames are mutually attached by small right

1 This apparatus was built to order by E. S. Lincoln, Inc., of Waltham, Mass.
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angle brace6, and the two uprights are similarly attached to a
base plate, 7J^" x 5", screwed to the floor of the cabinet.
The stock is y%" brass plate.

29. A worm-gear box is mounted on the base at the proper
level to align the shaft with that of the motor and to enmesh
the pinion gear with the main gear wheel in the frame. The
ratio of revolutions of the drive shaft and the pinion gear is
40:1. The main gear wheel is 1 %" in diameter and is fixed to
the axle of the paper take-up drum by a set screw through a
collar. It bears 88 spur teeth and the ratio between the
pinion, 7/16" in diameter and having 20 teeth, and the wheel
is accordingly 4.4:1. A second pinion gear (11/32" in diameter;
15 teeth) is fixed on the same axle and is in mesh with an
intermediate wheel, 1 11/16" in diameter with 80 teeth and
pivoted on a bar across the upper opening of the supporting
plate, the ratio being 5.34:1. On the axle of the carbon ribbon
take-up drum, above and to the left of the intermediate
wheel, and in mesh with it, is mounted a wheel 3" in diameter
with 144 teeth, revolving on a collar bound to the axle by
a set screw and bearing a 12-tooth ratchet. A pawl mounted
on the wheel, and provided with a spring, engages in the
ratchet to drive the drum but permits a reverse rotation of
the drum in rewinding the ribbon. The ratio between the
intermediate wheel and the latter is 1.75:1 and accordingly
the rate of rotation of the ribbon drum is approximately
only 1/9 that of the paper drum (the ratio between the
motion of the carbon and paper ribbons being further in-
creased by the difference in circumferences of the drums).

30. The carbon ribbon, iJ/£" wide and 8 yards long, arises
from a flanged drum of sufficient capacity, fixed to an axle
mounted symmetrically with the corresponding take-up
drum and extending through the back plate to present a
squared end for rewinding with a clock key. A thin strip of
brass, attached to one plate, is bent to afford a slight retaining
friction on the drum. The carbon ribbon passes over a
roller mounted on the transverse frame, between the recording
points (below) and the platen (above), and over a second
roller to the take-up drum. The dimensions of the rollers
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are the same throughout, i j ^ " wide between flanges and J£"
in diameter, and are brass, except the platen which is of
composition.

31. The paper reservoir is a drum 2" in diameter and
i /^" wide (its flanges having a diameter of 33^")> revolving
about a detachable axle held in position by two horizontal,
slotted arms extending 2 ^ " from the supporting plates and
provided with straight springs, each perforated near the
outer end to receive the axle. A heavy brass plate, pivoted
at the top of the frame, rests on the roll to serve as a brake.
The paper passes upward over a roller parallel to those de-
scribed but outside and slightly above, between the carbon
ribbon and the platen, over a roller similarly placed at the
opposite end of the frame, over a third roller half way down
the side of the frame, over its take-up drum, between two
guide plates, and leaves the cabinet through an opening in
its end; The paper take-up drum, operated by the main
geared wheel, is 8 9/32" in circumference and i j ^ " wide,
being flanged to guide the ribbon. Eight short, sharp pins
are driven radially into the surface of the drum at equal dis-
tances, Y%' from each flange; and an upper and a lower
carriage, each provided with two soft felt rollers and held
against the drum by a common spring, press the paper onto
the pins.

32. The recording device is contained in the transverse
frame. At the center of the straight side is placed a row of
seven vertical recording rods, tapered and rounded at their
upper ends, and each provided with a collar near the lower
end. Each rod is freely movable through holes in the
horizontal plates but returns by gravity to rest with its collar
on the lower plate. Seven electromagnets are mounted
between the plates in an arc; and on the border of the lower
plate are pivoted the corresponding, converging armatures
extending under their respective magnets and their narrowed
ends resting under the corresponding rods on a supporting bar.

33. Each group of binding posts is connected by a cable
with binding posts passing through the front wall of the
cabinet. From the first post on the frame, a common wire
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leads to five magnets, the wires from which lead to their
respective posts. The sixth and seventh magnets are in
separate circuits, their return wires leading to two additional
posts in the cabinet wall. The 6th magnet records the inci-
dence of stimuli. The 7th magnet, in circuit with an electric
clock, records the time intervals. The other five magnets
are placed on reaction circuits.

34. The motor was constructed by the Holtzer-Cabot
Electric Company. It is a direct current, adjustable speed,
shunt-wound motor; type HD; size 14; H.P. 1/10; no-volt;
1.3 amperes; with a speed rating of from 300 to 2,400 r.p.m.
The control is placed for the convenience of the experi-
menter; preferably the recording apparatus itself should be
placed in a room other than that of the experiment because
of the sounds produced by the action of the recording points.

VI. A DEVICE FOR WATER RECORDING OF MOTOR TESTS

35. The material for the contrivance consists of two
wide-necked bottles of 150 c.c. and 500 c.c. capacity, with
tightly fitting rubbed stoppers; glass tubing; rubber tubing; a
glass funnel; an atomizer bulb; two valves from a second bulb,
and a spring clamp.

36. The larger bottle {A) is upright and its stopper is
perforated by three holes, through one of which the stem of
the funnel is inserted. Over the end of the stem is slipped the
end of a short piece of rubber tubing containing a valve
closing upward. Through the second hole, a glass tube
extending to the bottom of the bottle is inserted and its outer
end connected with the second bottle by rubber tubing which
contains a valve closing downward. A short glass tube is
placed in the third hole and its free end connected by rubber
tubing with the bulb. A short pin is pressed into the rubber
plug of the bulb valve to facilitate releasing the air pressure.

37. The smaller bottle (B) is held inverted at a convenient
height by a standard, its stopper having four holes for as
many glass tubes. The shortest tube (inlet) extends merely
through the stopper and to it the tubing from bottle (A) is
connected. The second glass tube (outlet) extends slightly
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higher into the bottle and at its lower end, another tube of
small calibre is connected by a short rubber tube provided
with a clamp. The last-named glass tube is held vertical
by an arm from the standard. The third hole of the stopper
contains a glass tube (overflow) of sufficient length to permit
adjustment and at its lower end, rubber tubing leads to the
funnel into which it empties. The tube through the fourth
hole extends the length of the bottle permitting the free
passage of air.

38. Bottle {A) is nearly filled with water and compressing
the bulb, by increasing the air pressure within the bottle,
forces water into bottle (B), its return being prevented by the
valve. The volume desired for the experiment is determined
by the level of the overflow tube above the outlet tube, the
excess returning to the funnel of bottle (A), into which it
passes on the release of outward pressure against the valve.
The adjustment for volume having been made, the procedure
of the experiment consists merely of compressing the bulb,
opening the clamp to expel air from the outlet tube, and
after reclamping the tube, compressing the bulb until water
flows into the funnel. After a moment's pause until the
excess is wholly drained off, on the release of the clamp the
predetermined volume of water falls from the outlet.

39. A simple application of the device is in tests of motor
steadiness or tremor where it is seen how much of the pre-
determined volume of water, issuing from the small outlet
tube, the subject can catch in a vessel with its inlet slightly
larger than the outlet tube.


